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Studies liaTe beeu sade on seleotive floooulation of 
pure iieffiatite from pure oXay minemla saoli ae kaoIiiiit«» 
montmoriUonite, and ilUte which are the principal constituents 
in loany hleh~aXumina iron ore deposits in India* Particle 
sine ranges chosen were X-^S* 0-2 as w^^ as 2*20 and 5*20 pm. 
Starch ms used as the fXoocuXant. &e principal factors 
studied were made of preparation aM concentration of starch 
solution# concentration of dispersants and other modifiers # 
pH, numher of stages of flocculation etc. 

fhc host results obtained 78 pet. grade (pot. hematite) 
78 pet. recovery # Seleotivity Index 3.58 are better than 
those for complex Barsua ore slime and yet not good enough* 

!&ere is scope for further research on siO^eotive disp^rsantst 
depressants and flo coolants pertaining to hmmitite^olay 
aystirais, ths coiqplexl^es of which have been discussed. 
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Indian ixon ores h&ve percentages in aXnmininm vMob. 

camse difficulties in blast fUmaoe operation* A project ms 

undertaken at l.I*f*» Kanpur regarding beneficiation of bi^* 

alunina iron ore fines bj seleotiTe fXoeeulatioa* fvo 
la 2 lb 

reports * and one paper are aTailable on tbe subject* It 

1 Mfc la, 

bas been reported * that Indian kematite iron ores contain 
aluminium in tke forms of 0*03 to 2*0 m)i grains of daj minerals 
suck as kaolinitet lllite» Hontmorillonite etc* 

SeleotiTe flocculation kas been considered to be one of 
the most promising orenues for beaeflciating fine particles* 
lead and Hollick kare proTided an useful areTiew^ regarding tke 
underlying principles and commercial applioaldons of this 
beneficiation teeknique^'. Basically* this inrolTes seleetiTe 
bridging of similar particles by macromolecular flocoulants with 
polar groups* tkrou#i adsorption* to produce floes. Some basic 
studies kaTe been made on binary systems of pure mlnerds and 
tkeir separability by seleotiTe flocculation^^* Some 8eleotiTit;3| 
data are glTen in tke adjoining summary fablo I* SeleetiTity 
.a ... 0 * (£5-, .M *.«. 

1 ^^ Is tke p.c. reooTery of tke Taluable mineral in tke concen- 
trate and Ej tke p*e. recoTery of tke less Taluable miniral in 
tke gangue* ■ ■ ' 1 



SOMMAltY f ABLB I 


R®f. Seageatfl lat«rialB S*I, 

lo. 

5,6 1 ppa A 70^ pH 8.2 -12^ hematit® 4#5 

50 ppm calgoa 189 ppm HaF -20pm ortHoclase*. 

{hematit® llo collated) 

1 ppm A 100*^ 50ppm Calgon * * 3*5 

126 ppm HaF 

(ortHoclas® floeomlatad) 

Folyacrylamid®®. Ortlioc^lase fraction contained 
less than 10 pet; sometimes 2 pet, Fe 20 «* But hematite 
fractions were only 70-80 pet. pure. ^ 

7 B.T.I. polyacrylamides SubmLcron particles 



Sodium tri -polyphos- 
phate 10"^H, impropriate 
concentrations 

Caloite-Butile 
Calcite- Quartz 
llUBina— Quartz 
Alumlna-Caloite 

18.0 

70*0 

48*0 

8;0 


C^ALuadna sediment contaminated mith calcite, 
calclte sup^natant is purer) 

hut 

8,9 

120 ppm polystrmie 
sulfonate pK 7*8 

-20|ubl hematite and 
quartz 

First floo «•*. 

One cleaning 

3.4 

4.5 


100 ppm Starch 
pH 7.8 

1 1 

Hrst floo •*• 

One cleaning •* * 
&ree cleanings * . 

4*8 

7i»5 

11*2 (max) 


500 ppm hydroiy-propyl 
oelluiose xanthate pH 4.5 

-20pm ohaloopyrlte 
and quartz 

7.0 

10 

Tmmlo add 2*4 g/1 
Antipyrine 4«8 m/1 
pH 1*6 

— 15ttm partlclee 
Butile- Quarts 
Butile-fiematite 

8.5 

6i*4 

XTote 

- S«l* Taluee as defined hy us vere computed or re-calculated 
from the original data* 
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S.I. TOlu«s corresponding to 75 pet,, 83 pet., 90 pet,, 
and 95 pet, recovery values are 3»0, 4*0, 10,0 and 19,0 

8 

respectively. Separation Index as defined by Somasundaran 

» i] for the above values are 0,5, 0,6, 0.8 and 

0.9 respectively, 

Vfadle Suamary 'Eable I shove separability of *pure' 
Bilnerals by selective flocculation, an or# body is a much more 
complex systma and the results obtained from 'pure* systems 
are hardly applicable, for exa^^le, Tarar and Kitchener^ and 

c 

Eead"^ have pointed out that selectivity is impadred if the pure 
minerals are eo**ground prior to seleetiTe flocculation, 

Ho inforwtion exists regarding the separability of 
haaatite from <day minerals vMoh ooour in Indian iron ores, 
fhe mtk covered under this dissertation vas undertaken with 
the folloving objeetiveei 

1. fo study the separability of hesatite fines from 
Kaolinite, Hontmorillonite and IHite fines, 

2. So study ’^e floooulation behaviour of fines of differen'l 
sines in the range 0..20 mtn, 

3« study the role of starch (and its method of prepare* 
tion) idiich is recognised as a good floceulant for hematite^ 

4, lo stMy the role of dififarsants like Ha23l0^ and 

modifiers like laf, I 

5, So study the effect cf successive stages of cleaning I 
and flocculation^ and lastly^ 

€« So quantify the results through eomputations of grade, | 
recovery and Seleotivity Ind^ ' I 
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_GHAPSm II 

JjlfHQM AHB 

file details of tli® eiieolcals and ttae snaterlala used are 
aeatlon«4 lielowt 

(1) Unerale tore I*e20^t Pare Kaolinite, Pure lbiitiaorill#Bite» 

Pure Illlte* 

(2) Clieeio4ls (I) ELoeoalants - (1) Coameroial Stardi 

(ii) Btarcdi plioepbate 

(IX) HLepereants •• (i) Sodias Bllioate 

(lagatOj) 

(il) Boditw pyrophospliate 
(Sa^Pg^Y) 

(in) Iddifiera (i) Bodim maiorlde (laP) 

/ * a. 

(li) Sodlm HeroaiXleate 

(lagSlfg) 

(I?) Source of *• OaCXg 
(T) pB coatroIXer HCQ.» laOl 
Pare Kaoliaitet Moataorllloiiitet Ulite were asq^plied hj 
ladaetriaX IHaerale and Oiewlcal do* Prt, Md* t Boaiwp* 

Bm, 

' In order to etadp tiie effect. of aiae of dlfferont pare 
ainaraXe on tBeir fXeeeaXation beliafloar« n&neraXe of differMt 
el no fraotione were prepared* file pare adaeraXe wwe vet 
(dietiXXed vater) ippoand in oeranio baXX SElXXe eeraiKle 

baXXa to avoid iron oontaalnatlom of pare nineraXe* fBe eXmrrp 


of pulp from til© tap waa 23.5 SStt amotoit of alarry U8«d 

¥or© so oaloiilated that the pulp dtuedty of th« matorial 
la the huoket eas approxlaatelj 1 pot* tEhese particles v«re 
aHoYod to eettle freely ia the hudcei* fhe partioles of 
dlffereat size fraotioas were separated hy aUewlos; them to 
settle for dlffereat period of time* &e eettliag time for 
dlffereat elze fraotloa of idaerals were oaleulated by uslag 
Stokes etaatloa* 

2 

Stokes etuatloa • C 

idiere * teradaal weloelty 

d m dla* of partiole 

g • grawlty 

' « ooeffleleat of Tisoo8l% of fluid 

^ g « speelflo grawlty of solid parti ole 

« ape^flo gravity of fluid Cdl stilled water) 

Settllag time * sets 

t 

ihere S » h«ig)it ef settllag (25*5 os) 

IK terai.aal velool'^ 


fhi® s«ttll»g ti*® for the differcait size fraction of Hematite, 
Kaolinite, Montmorillonite and lUite are girea in Sabi© 1 
(appendix), fhe eaa^lee were tested under nioroeeope and aiae 
rang# was oonfirmed <iualitatiT©ly* 

Idffereiii - jlethods for ..PreB.amtion o,f-5Mr.6h gplnAAm 

iron the Uterature surweor it was found that mere are 
dij^arent methods for preparation of starch solutioa* Out of 
those methods some of the important methods ware used for 
preparation of stareh solution* 

(I) 0*6 ga of stareh was taken la a 500 

0 * 0 * beaker and the suepenaion was prepared by adding 5 o*e« of 
distilled water* fhe agglomerates were broken down by a glass 
rod* Shsn 5 o*o* of approximately 1 (I) MaOH was addsd drop 
by drop till a dsar thi<& gml was formed* ^spM^sion was 
stirrsd wi*^ llass rod while adding I mDE« fhsn 200 e*e« of 
distillet water was addsd and the suspension was stirred for 
50 minutes at 1000 fi*?*lf* &en ths sslutien was transferrsd 
to a msasuring flask and the wolums was mads upte 250 s*o* 
fhe pE of this stardh solution was 11* Oo by addition of 
10 pet* HCl sold ths of the solution was brought to T«25« 



(u) 0*5 ga of oomisorolal otaroU ms ^ 

taksn in m brnkm- and emll anoimt of mtsr ms addsi to it« 
mm witn swill i?lss« rod, granulos of starefe wsr® Irolcsn 
md tMs was oontinusd imtiX a tMok |)«ap of stareli was 
frsparsd. Oi«a its wolms was mads npto 200 c,©* and ths 
Isaksr was hsatsd in a oil eonta?oIliiic th# tsqpsratiirs of 

tlis toatli at 95^0 for 20 sdnates* JSarisg that tins oontixaioas 
stirring was dons at nmrly 1000 Aftsr ttisn ths bsaksr 

was tsOciii out frosi tks oil batd and *^s starsn solution was 
taken in volnmstrie flask and its wolnas was sads npto 250 o*o» 
!llis pi of this stardh solution was 7*25* 

<?an8tioiomg/HQao.gtni.sinit.. .,lgilio.d> 0,5 gs of oowsroial 
stardk was tsksn in a bsaksr and witk drop by drop addition of 
water and 0,75 C^) ^aOH solution a tbisk gel was pr^arsd* 
Itoing that psriodt stirring was dons wltli tbs blip of a glass 
rod, Aftsr gsl prsparation* its wolnns was nads i|pto 200 ©.e, 
with tbs addition of mtmr* mm tbs bsakmf was pnt nndsr 
asobanisal stirrsr and stirring was dons fbr 50 siimtss at 
1100 Sbaa tbs wolnms of tbs starob solwHsn was usds 

«^ts 250 o*®* and its p was ad^nstsd to 7*2 by adding BaOl 
solution* Bisn tbo idiols solution was pmt into a blw^lsr snd 
blinding was dons sentinwnmsly for If ninwtts at MfOOO 



33a® to th« bl«adln£» tonp orator© of ataroh oolotlon iooreasod 
to 64^0* ftLOQ tho ataroh solotloo oas k«(pt in 250 o«o« ^oliwotrlo 
flaok* C^ostioisied^Honogenisod metiioi norno tin® gar® bad 
roprodaoibilitjrt and was tin® «> <»n®o«ing» So this ma replaced 
hy a better netbod i.®« aodlfl^ oaaeticlaed-bonogenised B«tbod« 

(IT) liodif4®d gaogti^^ 0*5 m of 

conaeroial atarob waa ti^en in a $00 o»c« beaker and to it va® 
added 3 o.e» of diatilled water* fbe aggloiaorate® were broken 
down b|' a ^Laes rod* 3%L«n 3 o»c» of 0«$ (1) MaOH was added and 
the easpension was stirred for 1 ninate by the glase rod* 0*5 o,o. 
of 0*5 (H) laOH was again added end a thiek gel was formed by 
stirring with glass rod for 1 minnte and then stirring was 
stopped and gel was kept for d minates. After tbis 1 o*o* of 
distilled water was added and the gel was mixed with glass rod* 
Water was sloid.y added with miljd agitation wilh the glass rod 
and the woliuse was Imoreased to 300 e*o« Shis opisnition was 
completed in two minutes (total 10 minutss) ths staridi solution 
was ^sn bomogenissd in a hoiwigesiiser far 5 minutes at 16 #000 
B*3?*l!, seen MilutiOB was transfearrsd to a $00 o*s* measuslag 
fXabk and wolums was mads upto $00 o*e* She pi of this starsh 
solution was 11* 

(?) preparation of starOh 

phosphate from starsh has been dsseribed in detail by Saldiia^* 
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Out of diff»r®at categorios of atareh. phoaphat® prapared* 

iSi® etaroh pliosphato eontainiiig 3*4 pot* P vaa used for our 
fXooculatiou axperfatata. 

0*5 gn of etarok pkoapliate was takau iu a 500 0«c* beaker 
aad few drope of water were added to It and tli® granul©© of 
etarok were broken by a eiiiall ^ass rod until a bomogeaeoue 
tbln slurry was prepared* !&@n tbe idiole w>lutlon was keated on 
a beater for 10 ainutes* %b® temperature of solution was raised 
upto 30^0* Arne we got a olear solution* !&en after cooling 
the starob solution it was put imder stirrer for 15 minutes at 
1000 B«P*II* dfter stirring* tbe of this starob solution was 
tteasured* fMs ewe around 7*5j so by adding ID pot* HC3. 
solution* tbs pH of staarob solutloa was broni^t to 7*3* ^en 
tbe starob solution was poured in a 250 e*o* woluaetrie flask 
and Mall aaount of water was added to make wp for tbe etapora** 
tional losses (whi^ oooured during bsating)* 

fbe solution of la^SiO^* ^aF and 1^2^% 

made by dissolwing a definite amount of retuired ebesdoal In 
200 0*0* of distilled water* &«n tbe solution was stirred with 
l^ass rod* Home beating was also done to dissolTs tbs obenioals 

(if any) and 

tbe wolume of fUtered solution was made npte 250 o*e* and poured 
into wolumetrle flask* &U8 tbe toM. wel^t dissolTod in water 


in water* them tbe solution was brou^t to mom 

4ft 

and filteared to remowe undissolTod material Ifet 
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was oalciilatad bj Babtraetiag wt, of filtorod jsatarial trom 
origijsal wt* of oliaiilcal* Krom tbiSf tla* otodc ooaocntratloii 
of abort solution laa caloulatsd* 

Ho oeulat jifOn Eizoer jments 

Initial floooulatlon expozlaants woro dona la a emll 
settling ooluiia (ojllndxloal jar) vitb one itaa:pliag port at 
l/3rd dlstaaoe fr<»i the base, fbe dinensloas of l^e smU Jar 
was 5 oa dia^ 16*5 oa belgbt (total), Helgbt of tbs palp 
(100 G.o, ) Im eirliaier was 11«5 ciasy and sampling port b@i|^t 
fron tbs base was k.«p% at 5*5 <mi* 

(t) fioggnlatien of Pure H^aatite and Pure 

jpfe gaaayL s i^,ai^ , itliyjife , „ii u ga ftM t 

fbe retnlred pnlp was taken in a' 100 o,o. Measuring oylin* 
der and poured into tbe snail ojlinder* tben required amount Qi' 

sodiuM*silioate was added in tbe pulp and tbe i^Under was 
shaken for 1 minute for proper laixtag of lagSlOj* Sben required 
aaoutti of starob solution was added and again tbe snail oyllnisr 
was sbakeu Mildly for 1 ainute and tbe oylinder was kept still 
3 mnutssi tins was sXlowsd for settling^ of floe* fbon tbs 
port was oponsd and 70 o«o« of pblp was taksn in a alunlniuM 
bowl «aid bottoM 30 o«e* was takm in anotber 11 « bowl and dried 
%eir wel^its were taken, fee» 1fcle_^pet* floeeulated Material 



ms caloultttwi. Mr eaeh sarieB, on® «ai 5 >«ria«iit w® don® 
wittooiat adding ®taroh» ®o thnX w© oan tattow -Hi® pet, of f3r««ly 
8®ttl®d matorial, &®s® ©xparimant® wer® Gal^ri«d out for 
both hamatit® and laontmorillonite at 100 PPM and 400 PPM of 
Ia 2 ^ 0 ^ and at diff«r®nt ataroh ooneentrationa. fk9 data an® 
gtvon in Tab!®® and data^ ar® plotted la Hg®# 2,5, 

(11) noeoulatlon. of tig®..g®maMt®.....(*20t» M. ±5p) Mltfe 

cfW8t lol«®a ^ atarofa and Mpo jy«nie®d^ atarob . (P^h-Agei 
^d nonaagdl iiith 100 PPJI. .Ql-.Ia 2 M&g 

Her® tb« proeodur® waa earn® ae aboT®, only the settling 
time waa r«duo®d to 1 nLnute and for kaovlng tb® ©ffeot of 
aging on iloffolation bebairiour, tb® j^eebly prepared aolutloa 
was kept at tita tenperatur® for 24 bour® and used* ^® 
settHiig tlm® ua® radueed so that tbe material settled at sero 
starob ooneentratlon was lowered and it enabled us to see tbe 
effect of floooulations mre dearly, ^Ae data are glTen In 
fable 6,7,8,f and plotted In ligs, 4,f. 

dlnllar experinents wer® done wltb Pure Henatlte 
(<f 5p to * 20p) wltb oaustlelaed>»boaogenis«d stareb solutle]i* 
both aged and nonaged, fbe settling tine was 1 Minute while 
100 PPM la^SlO^ was used In all experiments* fbe data are 
glwin in fable lOfU# and results platted In fig, d, gtiallar 
experlnents were dene. wltb pnre benatlte {■*' to 20p) and 
pure montonorlHenlte (t* $ to « SOp) using stareb pbespbate 
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aged aM noBaged at ]i^0 PPM of Ha 2 ^ 0 ^ ooboob- 
tra'U.oB and 1 aimte of eottliBg tJUio* fhe roaults aro giToa 
Skill e I2tl3*14 and results plotted ta fig* 7* 

She expe^riamts done idth atareh phosphate after some 
time did not the gire the same result* Shis ma^r he dtae to 
fact that stareh»phosphate ms tinatahle and so eilh. the lapse 
of time# ike phosphoppl group laay diffuse out of star#i^ 
phosphate lattice and again form Id-sodium hpdrogen phosphats 
(shioh aets as dispersant)* 

' - iimilar erperimsnts were done with modified oauatioised 

homogei^ss^ stareh and pure hematite to detemLne the effect 
of partihle sise* stareh oonoantratioa* 102 ^ 10 ^ ooneentrationt 
oonoentration on the floooulation of pure hematite* 

She partlole else range were studied are 0-2^* l*Spt 2<»20p* 

She pli of tho pulp were adjusted hj ItsDB solution* 0aCS>2 
solution was addsd as the souroe of Oa'*^* She inl^Ual eon- 
oentmtion of pulp was detemined and it was found to he irerp 
emairlow* Sk initial Ca**^ oonmentration of pulp maar he tahen as 
am* 

She se<iuenee dof adding were pul#* then Ba^ilO^ followei 
hp 1 minute shahing*^ daCa .2 solution foUowod hj 1 mtJimte 
shahing and stareh solution followed %y 1 minute shshlng# then 
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1 minuto settling tlm® was allowed. lh% resiiltB ar® given in 
^Babies 15 to 28 and plotted in lig. 8 to 14* 

of Pure linermls (l~8ttl 

Tkme ® 2 |>tfriment 8 were done in the floecnlating oolnain* 
the schematio diagram of wMok is given in lig. 1. &® details 

of tMs appaiatns are given below, 

fbe flooomlating oolnmn is a ejlindrioal vessel made of 
glass of 11 om internal diameter and 24 om bei^t* Its 
oapacdtj is slightly more than 2 liters, fhe distance of the 
tap from the top of the fXooomlating oolnmn is 19,5 om. Here 
16,56 pot, (256 0,0* omt of 1600 of pulp) is talcea out from 
bottom as the *fXoeoulated* part, 

mnltistage floeoulatioa experi- 
ment was done with synthetio mixture (:;:‘50t50) of pure 
hematite (1-8|4) and pure kaolinite Cl-«|i) with modified oausti- 
clsed homogenised starch solution* Ho fia^Sd-O^ or laf was ussd, 
fhe pH of pulp was 7.3 and in all stages ©onomatration of 
starch addsd was 20 PfM (bulk concentration), 

800 0 , 0 * eaoh of pure hwatlte and kaolinite pilp w«re 
taken in a b^ker and their pH was msasured, IHien this 
syntheti© mixture was poured into the flocculating coluam and 
stirring was done for 5 minutes to make the pulp homogeneous. 
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Shea the req.iaired aaomat of staxoh w^lmtioa wae added and 
etirriag was oontiamed for 1 mlmte at 1000 R,P.M, Shea 
stirriag ms stopped and after 1 isimute nnflo collated and 

flocculated (P^^) parts were taken out In diffaimat beaker* 

Shen the wolume of flocculated part was isade up to 

1600 c«c* and it was poured in flocculating coluan again and 
stirring was done for 3 ninutes and ^0 o.c. of sample was 
withdrawn from column for determination of reoowerp and grade 
of let stage nnooulated part (Pi)* &cn 200 o*e, of di8ti3Lled 
water was added in floooulating column to make the wolume of 
the pulp to 1600 c.o* She same amount of stareh solution was 
again added* and stirring was continued for 1 minute (at 1000 
E.P.I!,), fhen stirring was stopped and after 1 minute flo-> 
coulated part (P^) unfloooulated part (IF^) were taken out 
in si^arate buckets* 

Shen the wolume of the 2nd sta^e flocculated part ( 12 ) 
was again made to 1600 c«c. and similar steps were ft^lowed 
as stated earlier* 

She woXume cf unflcceulated parts (HF* 9 MWmt IF*) 

4ii'. : , ■ m . 

obtained at 5 different stages was made upto 1605 c*o* sepmrsi* 
tely and from each part 1010 c*c« were taken cut for deters 
minatien of grade and recowery of H^mttte and Isslinite In 
IFj. » 112# ^^5 separately* She dssai^pls^ 55f e*c* each of 
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HFgf IF^ w«r© mixed properly in a bucket and it® flo- 
cculation was carried out as mentioned earlier and flocculated 
and uaflocculated parts were taken out separately for deter- 
mination of grade and recovery. 2h.« method of analysis of 
flocculated and unflocculated parts are given below* Bie 
results are given in fable d$ and results plotted in Hg. 15. 

Analysis bv HCl-diasolutio» Hethad : Ibr analysis of floccula- 
ted and nonflocoulated poaHtion 1 gm of the dried sample to 
be analysed ms taken in a 250 c*o» beaker, then 200 o.c. of 
35 pet. HCl iK>lution was added to this beaker and then whole 
solution was heatsd for 10 minutes on electric hmteri so that 
all 1*02^3 went into solution while kaoHnitet lllite and 
montmkorllloiiite did not go into solutiou. fhen the beaker 
with solution was oooled to room temperature and the solution 
was filtered throts^gh a previously weii^ed filtsr paper* After 
filtration and repeated washing of filter pap or* the filter 
paper was dried and its weii^t was taken. S^ie inorsase in 
the wt. of filter paper gives the wt* of undlesoXved minaral 
i.e. montmorillonite or illite or kaolinite. So by subtraoting 
this wt. from I gm, we get the amount of the mlnerel dissolved 
U«e« wt« of Fe 20 ^ in sample)* 

the remXte of mltistage fXoeoulatiott is given in 


table 29 
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a-Mlf , BiMg 

Stngl® stage Hooculation experiments w«*® carxied 
out witai synl^etie mixture C 50*50) of Hematite-^aolinite, 
H«mtite*^ontmorilloiiitet lematite-lillte all of l~8m size* 
i^n^e stage floGoulation was done to determine the optimum 
dosage of starlet ira2310^f !fa^P 20 .^f Ma 2 ^Pg aud optimum 

pH« fhe setuenee of experiments was as follows* at first g, 
optimum dosage of staroh was foxmdt the optimum pE at this 
optimum starch oonoentration was iSsund. fhen optimum conccsi- 
tration of Ea 2 SiO^ was foimd using optimum starch oonoen- 
tration and optimum pH. fhen optimum dosage of laP was found 
out using optimum value of other variahles using optimum value 

yter c£' 

of other variables* On®, experiment was also done after 

fv 

repXaoing Eaf by 10231?^* In all experiments » pulp density 
was kept to approximately 1 pot* a# results are given in 
Table 50 to 35 and plotted in fig* 16 to 20* 

800 0 * 0 * of pure hematite and pure kaoliaite pulp eat^ 
were taken in a beaker, men ifi was adjusted if required* 
aen pulp was poured ato the floeoulating oolumn and vigorous 
stirring was dons to homogenize a® pulp* a® fixed amount 
of Ha-silioate solution or S&^]?2py eolutioa was addsd (if 
required)* and stirring was done £s>v f minutes* asm fixed 
oonoentration of laf or added (if required) and 
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etlrzlng was oaxzled out for X idnuto. Ueu fixed ooncen- 
tratioa of starola solution iias added and stirring ms done 
at 1000 for 1 ainute. Stirring ms stopped and 

floes were alloved to settle for 1 minute* ISiese unfloccu- 
lated and flocculated parts were takes out separately » 
flitted and dried and their weigjxts were takm* then from 
both floccul.ated and unflocculated parts 1 gm of samples 
were taken out for analysis* 

Similar experiments were done with heaatite-monl^ 
morSLonite and hematite-illite synthetio mixture* 

fhe results are giwen in Sahle 36 to 45» and plotils 

0.4 

in Hg* 2X to 23. In this series %» experiments^ after the 
let stage flocculation f the flocculated » part was ai^ain 
poured into the flocculating column oontaining distilled 
water (total wolume » 1600 oe li»e* wolume of floe 
wolume of distilled mter)* Hiem 2 minutes mild stirring 
(TOO E*l*»lt*) was done* ifter stirring » the material was 
allowed to settle for 1 minute then floe and nonfloo parts 
were taken out and am^ysed* 
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In all experiments f commercial starch solution 
(made by different methods) were used, unless otherwise 
specified. 

fulp density in all experimaat was maintained at 
approximately 1 pot. 
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CHAPTER III 
EICPERIMEHTAL RESULTS 


In th.® preirlons ciiapter, various experimental works 
were reported* THe results are given In Iktoles 1-43 in the 
appendix and also reported in Hgs* 2-28, 

Starcih flocculates ii®aatite appreciably but monteori- 
llonite feebly (Hg. 3)* Method of preparation of staroh 
solution was found to be important. Mere homogenisation gave 
poor results (Hg. 4)* Por causticiaed staroh t 40 ppm con- 
centration ms optimal (ligs. 2,3) and ageing of solution 
gave inferior results. Staroh phosphate was fomd to be a 
strong floeculant but ageing gave inferior and less reproducible 
results (Hg* 7). Modified oaustioising Homogenising (IfCH) 
method for preparation of staroh solutions gave best repro- 
ducible results (Hg. 8), 

0-2 mp hematite particles were less Hoooulable than 
5-20 miA partieles particularly in presence of sodium silioats 
(Pig, 8»9)* Subsequent experiBents were done with 1-S ap 
partioleSf for which 20 ppm concentration of starch was optimal, 

4*4t. 

and Ihe effects of Oa and sodium silicate were small 
(Hgs. 11-14)* 



stage flocculatioa e:Q>erimeiitB {1-8 mu) were 
done on the following mineral paires Hematite-kao limit® 

(Hgs. 1^-20), Hematite-Kbntiaorillonite (Hgs. 21-24) t 
Hematite-Illlt© (Hgs. 25-28). Better results were obtained 
with starch concentration around 40 ppm in presence of 100 ppa 
sodium silicate, 50 ppm sodium fluoride and pH 9.5. Use of 
sodium pyrophosphate and sodium silioo-fluoride gave inferior 
results. The best result obtsdned so far was for 1-8 mp 
Eematite-Kaolinlte System, (Hg. 17) where both grade and 
recovery of hematite wwi 78 pet. and Selectivity Index 
was 5.58. 

Summary Table II provides details regarding the 
!Mbles, ELgures and pertinent obsezvEtions. 
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StIMMAET TABLE II - IXPBRBIBITAI. HESULfS 


[Abbreviationss Hematit© (H), KaoHnite (K), Montmorlllonit© (M), 
Illlte (I)f Starch (ST), Caasticized (C), Homogeniaad (HK)» 
Caasticizad-Homogeiniaed (CH). Modified Caustieiain^HoiaogeiiiziBig 
(MCHK Starch Phosphate (STP), Sodium Silicate (SS), Sodium 
Pyrophosphate (SP)f Sodium fluoride (SF)t Sodium Silico— 
fluoride (SSP)] 


Hg. Corres- Materials for flocculation 
Bo. ponding 


1 

z 

i^paratus 

2 

2-3 

H 5-20 mil ST(G) 0-200 ppm 



S§ 100 and 400 ppm 

3 

4—5 

M 5-20 »p 

4 

6-7 

ST (HM) H 5-20 mp 

5 

8-9 

1 5-20 mp 3T (0) 

6 

10-11 

1 5-20 mp ST COH) 


1 12-14 E 5-20 ®|t STP 


8 15-16 1 0-2 mp ST (MCE) 

All eubseq.uent eipts were 
with MCE starch 

9 17-SB 1/0-2 ' /^ 


aiS^ilSiMS 


Optimum 40 ppm ST 
100 ppm SS better 

Very little flocculation 

Iilttle flocculation 

©▼«! for H 

Optimum 40 ppm Sf(C) 
Bon-aglng better 

Optimum 2o ppm ST (01) 
lot much difference 
between ageing and 

ns 

optimum STP ID ppm 
Ion-ag«Lng better. 

Tery little floccula- 
tion for Jf 

VymJtJWHl ‘4V . 

7«5 pi better than 
10.4 

Optimum Sf 40 ppm 
better without SS 



10 

19-20 

H 0-2 ap Ca'*’"*' concn. 

0-100 ppm 

Ca"^ doee not affect the 
degree of flocculation 
of H 

11 

21-22 H 1-8 Mil 

Optimum 20 ppm Sf 
pH 10.5 better than 7.3 

12 

23-24 1 1-8 m\i 

Effect of SS little 

15 

25-26 

H 1-8 m|A 

Effect of Ca”*^ little 

14 

27-28 

E 2-20 

Optimum 40 ppm ST 

7.2 pH better at 

100 ppm SS 

X 

29 

Singl e stage flo cculation 
with H 1-8 rnp 

10 , 20 and 40 ppm 

Best S.I. (2.2) with 

20 ppm Sf 

^ Three stages flocculation 

Sf 20 ppa pH 7*3 

SIIGLE EZPTS: 

Best Selectiwitj Index (S.I. 

(2,67) was obtained with 

75 pet. grade 

16 

31 

50 1 50 mixture of H/K 
1-8 mp 

Optimal grade with 

100 ppm SS (72 pot* G, 

78 pet. R, S.I. 2.86) 

17 

32 

II It 

Optimal grade with 100 ppm 

SS and 50 PPM SP 

(78 pet. 78 pet* R, 

S.I. 3.58). 

18 

33 

II t f 

Optimal grade with 50 ppm 

SP (70 pot. Of 76 pet. Rf 
S.I. 2.6) : 

19 

34 

1 ♦ 1 .1 

Optimal grade with 50 i 

ppm SP and 50 ppm Sf 
(76 pot. ®f 74 pot* Rf i 

S.I. 3.1) ! 
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20 

35 

H and K 1-8 mp ST 40 ppm 
pH 10,5 SSP 0-100 ppm 

Steady fall in recovery 
and grade with use of 

SSF 

21 

36 

H and M 1-8 ST 0-100 ppm 

pH 7.3 Eo diaper eant 
starting farom tbls espt. 
onwards floes were 'washed* 

Optimum ST 40 ppm 
(65.3 pet. 0, 55,8 pet. H 
S.I. 1.73) 

22 

37 

1 1 1 1 

pH range 7-10.5 

Optimum pH 9,5 

(66,8 pet. 0, 58,1 pet. E 

S.I, 1.85) 

23 

38 

»• pH 9,5 

ST 40 ppm SS 0-150 ppm 

Optimum SS 100 ppm 
(71.7 0 64.1 E 

S.I, 2.3) 

24 

39 

» » SS 100 ppm 

SF 0-100 ppm 

Optimum SF 50 ppm 
(760 73, 7E S.I, 3.12) 

25 

40 

H and I 1-8 mp pH 7.3 

Ho dispersant 

Optimum ST 40 ppm 
(670 61.4E S.I, 1,92) 

26 

41 

H and X 1—8 mp 

ST 40 ppm pH 7-10,5 

Optimum pB 9.5 
(68.30 62, 7E 

S,I. 2.03) 

27 

42 

H and X 1-8 mp 

ST 40 ppm pH 9,5 

Optimum SS 100 ppm 
(73,70, 69.3fi, S.1* 2.6) 


SS 0-150 pp» 

»» SS 100 ppm 
SF 0-100 ^J>7n 


23 43 


(Optiiimm SF 50 ppm 
77,60, 76,0E, S,f* 3*36) 
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CHAPTER I¥ 


DISCU 






It Has been established that starcda helps in the 
flocculation of hemtite, nhereae montmorillonite and other 

clay minerals are not appreciably flocculated* 

12 

Curfira^ established that kaolinite is the best 
dispersable minexal of the four studiM and hMtatite the 
poorest (probably there is a density effect apart from the 
charge effect)# was found to be eligtitly better as 

a dispersant than Ha 2 Sl 0 j only for TOntmorillonite and illite 
but not fbr kaolinite and hematite* The use of dispersants 
may be gmieral or selectiTe vhemeas the use of starch as 
floccttlant is specific* Bhagat showed^^ that starch is 
chemically and irreversibly adsorbed on haoatite. He establish^ 
the above through I*R* and micro-caloriaetric work* Shis 
present work corroporates the effect of starch on hematite 
as a flocculant pointed out by Read et al^*^ and 
Somasundaran et al®*°, 

20-40 ppm staroh concentration seems to be optimal. 
High«c proportion of staroh may form more than half a monolayer 

T* 

coating 100 ppm sodium silicate gives better results than 
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400 ppm* Higher doaag® of disporeant OTer-iisperses hematite 
aad prevents adsorption of starch and causes forimtl on of 
fluffy or j>orous floe© which settle viry slowly. 

Mere homogenisation of starch does not give good 
results probably becauses the grains are not ruptured, and 
hence much of the starch remains undissolved. Causticising 
scad homogenising or prolonged stirring at high HPM attended 
by consequent increase in temperature causes appropriate 
diMolution and shortening of the chain length of starch 
molecules. Ihus dosage required for optimal flocculation is 
also reduced. 

After flocculation experimeats, it was seen that fijr 
zero dosage of starch, the dried material was in powdery form 
wharfs for starch dosage of 20 + ppm, the dried aatarial 
was in the form of small globules, wliioh did not break even 
during vigorous boiling. Inferior results were obtained 
If the starch solution was allowed to *age*j this could have 
happened on accowt of some bio-degradation, A similar 
phenomenon was observed for starch phosphate which otherwise 
gave proiK>unced and faster flocculation* Wor aged solutions 
and solutions of higher ooncentimtions, much less number 
of floes were visible to naked eyes* Hnder optimal oonditions, 
large number of small floes were seen* 


26 


aince aluffiiniuii- containing grains in Indian iron 

^ 'oe i>' 

ores were found to 2 mp or less,, flocculation iDetaaviours 
of 0-2 mp, particles were studied, lexj fine particles of 
hematite could be easily flocculated by starch. However 
sodiusi silicate adversely affected flocculation of 0-2 mp 
hematite parti dei^ (but not coarser particles). Ca"*^ did 
not affect flocculation of either fine or coarse hfaMttite 
particles. Bar both categories of particles, the optiiBum 
dosage of starch seemed to be aaround 40 ppm. Ibr 0-2 mp 
pai'ticles of a h«®a tit e-clay mixture, use of dispersants 
like lagS-Oj remains problematicalj Hthout it day particles 
are not adeq^uately dispersed, and with it hematite particles 
are difficult to flocculate. 

Usee of dispersants md depressants are related to 
crystal structui*# and charge properties of clay^^, Sie basic 
building units of clay minerals are the sheets formed by 

linking together Sl-O tetrahedra and the two dimensional 

od<'' 

arrays of coiafeedra formed by the six fold co-ordination of 
or Mg'*’ with oxygen and hydroxyl groups. !Ehe Si-0 sheets 
are Joined to the octahedral sheets by sharing oxygsn atoms. 

In clays of the imutmorillonite and iUite type, the repetitive 
structural unit, to be referred to as a sandwich, consists 

■ir Velgbl pot. fLoeoulatsd was low (57 pet. in llg. ®) snd 
floes wsrs wsak. Ibr eoarsw partloles 5-20 mp (fig. 5)* 
l-@ m)i (Hg. 12), 90 pet. Bsaterial was fXoceulatsd and 
floes wers strongsr« 


pexidieular to tiio ahoets la formed bj breaking or Al-0 

1.4 

bonds and may bear positive eharge », the posi'fetve cbarges 
in tbe lateraJL edges of clay particles are assumed to be 
responsible &r tbe coating of negatively charged coal by 
clay eV'^thou^ clay may have overall negative charge like 
coal* A siiailar coating mechaaisia of clay over negatively 
charged hematite particle is possible* Negative as well as 
positive charges on the same particle in different oriacK 
tations mke the clay particles hetero-ocagialate cr coax 

A 

other minered. particles* fhe alkali and alkall&e earth 
cations may also provide links alongwlth fLocculants between 
€^ay and other flocoulated minerals* 
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figs* 15-28 show that selective flocculation of hema- 
tite is possible using NagSiO^, MaF apart from starch. While 
sodium silicate augments charge ots clay particles and promotes 
dispersion, laF depresses clay particles in terms of adsorption 
of flocculant"^* . HagSiFg apparently depresses both clay 
and hematite reducing flocculability of the latter. Fig, 17 » 
Table 32 indicate the best result obtained so far '.78 pet. 
grade, 78 pet. recovery* Selectivity Index 3«58 for 1-8 mp 
Hematite-Kaolinit# mixture with 40 ppm starch, 100 ppm 
sodium silicate and 50 ppm sodium fluoride. Repeated flocculatioJ 
gave much lower recovery and slightly better grade. 

There is scope for farther research on selective 
dispersants, depressants and flooculanta since ^namary Table I 
in Chapter I indicates S.I. values hi^sr than 3.58 are 

h 

attainable in several mineral pair syst^es. 
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montmorillonite (5 to 20 fi/) settled 


















% hematite (5 to 20 



Time of settling : 1 minute 
Non-aged, NojSiOj : 100 p(>Tn 
Aged, NoaSiOj ; 100 ppm 




St arch c 0 nc en t r a t i o n fh 






Time of settling :1 minute 

Causticised and 

non - aged starch solution 

Causticised and 

aged starch solution 


'o of material (pure hematite, +5 to-20jU/ 





Bulk concn. of Na 2 Si 03:100 ppm 
Time of setting :1 minute * 
o Causticised homogenised 
non-aged starch solution 
A Causticised homogenised, 
aged starch solution 


Bulk concentration of starch sok 


hematite 









% material (5-20 jj^) settled/f locculatcd 





o Pure hematite, non -aged starch phosphate 
o Pure hematite, aged starch phosphate 
A Pure montmorillonitc , non-aged 
starch phosphate 


concentration of starch solution 




;^ffec;t Of starch phosphate concentration 
of preparation on flocculation of minerals 

13 & 14 '-V 


% hematite (0-2|li/) settled 









7 


sB 


concentration on flocculation 
,SiO-.) . Ref. Table 17 & 18 





hematite (0"2jU/) settled 



xt’ '.i'^f/\ '■' C / 


MW 


starch 
NaaSiOa 
starch 
Nq« SiO-3 





r . j’ I ' V J* ^ 


o pH ; 7.3 , ; NdzSiPglSJSillpB; 
A pH -.10.5 , NOjSiOj : 40 pjsrn 


concen^ation, |^m 








m 




^m 








% hematite (1 “ 8 Lu) settled 










% hematite (1-8jU/) settled 



starch ; 40 ppm 
NajSiOa : 40 ppm 
starch : 6Q* ppr^’ 
Na,SiO, : 40 ppm 


Co concentration in ppm 


llpl ;'0f Ca ^ concent r aHo n on 








100 ppm 

100 ppm 






% grade of hematite in flocculated part 





pH of pulp : 7.3 
Starch : 20 ppm 
O Recovery - grade 
A Selectivity index - recovery 


f hematite in flocculated 


Selectivity index of hematite - kaolinite system 











BmdQ , pH : 

;ReeO v®f 





flocculated part 


III 





Na2Si03;100 ppm 

A Recovery, pH : 10 . 5 , starch ; 40 ppm 

NQ2Si03;100 ppm 


NaF concentration in* ppm 


Ig, 17- Effc# NaF on the flo< 

; 50) of pure 

'kaolinitc (1 - 8 p^) . 

Ref: .Tgbtft''32 . ■ 




grade or recovery of hematite in flocculated part 





o Grade, pH : 10.5 , starch ; 40 ppm 
A Recovery, pH: 10.5, starch : 40 ppm 


^ 04 ^ 2^7 concentration in 


of different dosage o 
ition of synthetic mixt 




Naf concentration in ppm 


Effect of different dosages of NaF on the 

mixture (»50'':50) 







grade or recovery of hematit 




















9.5, starch ; 40 ppm 


o Grade 
A Recovery 




NooSlOo concentration in ppm 


Effect of different dosage of Na25 
grade and recovery of hematite in 
part in a synthetic mixture (-50 : 5 
montmorillonite (1 - 8 /j^). 



®/o grade or recovery of hematite in flocculated part 



9.5 , starch : 40 ppm 
Na^SiO^ :100 ppm 


o Grade 
A Recovery 


NaF concentration in ppm 


•feet of different dosage of 
td recovery of hematite in f 

mixture (^=^50 : ' 

aJhtihorillonite 
II; table 39 







O Grade 
A Recovery 


Starch concentration in ppm 


Effect of different dosage of starch on 
grade or recovery of hematite in flocci 
part in a synthetic mixture (;^50 :50) o* 
hematite - illite 
'R^fc:|able 40. 





% grade or recovery of hema 
flocculated part 



Starch : 40 p 
o Grade 
A Recovery 


Effect of pH on the 1 
in flocculated part in 
of hematite - illite (1 





of hematite in flocculated por 




9.5 , starch : 40 ppm 


o Grade 
A Recovery 


Na2Si03 concentration in ppm 

Effect of different dosage of Na2Si03 on the 
grade and recovery of hematite in flocculated 
port in a synthetic mixture (^ 50 : 50 ) of 

hematite - illitc (l" 8 fi/) 
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pH : 9.5 V starch ; 40 ppm 
NaTSiOrvlOO ppm 


o Grade 
A Recovery 


/;;■ ■2,i;tei;':i‘ •; .f'': , ! r; 


N a F con ce n t r a t ip n s iff ppm 




Effect of different dosgge 
and recovery of hematite 
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i'ABLSi 1 

Stokesian Settling Time for Minerals Particles 


S.Ho. Flinerals 

Sp.Gr. 

Size in 

Settling Time Range 

1 Hematite 

5.68 

0-2 

4 hrs, 58 min 10.6 secs to 


t t 

1-8 

16 min 50.8 sec. to 17 hrs 

58 min 10.6 sec. 


I f 

2-20 

2 min 41.7 sec. to 4 hr 

29 min 32.6 sec. 


1 f 

5-20 

2 min 41.7 sec. to 

43 min 7.6 sec. 

2 Kaolinite 

2.78 

0-2 

16 hrs 49 min 20 sec to 


1 t 

1-8 

1 hr 3 min 5 sec. to 

67 hr 17 min 23 sec. 


f 1 

2-20 

10 min 5.6 sec. to 

16 hr 49 min 20 sec. 


t t 

5-20 

10 min 5.6 sec to 2 hr 

4 min 29.7 sec. 

3 Illite 

2.425 

0-2 

21 hr 17 min 27.8 sec. to o£5 


t f 

1-8 

1 hr 18 min 47.9 sec to 

84 hr 3 min 11.2 sec. 


! 1 

2-20 

12 min 36. 4 sec to 

21 hr 17 min 27.8 sec. 


I ! 

5-20 

12 min 36. 4 sec to 

3 hr 21 min 43.6 sec. 

4 Montmori- 

llonite 

2.64 

0-2 

18 hr 15 min 30.5 sec. to 


1 f 

1-8 

1 hr 8 min 28 sec to 

73 hr 2 min 2.3 sec. 


1 J 

2-20 

10 min 57.3 sec. to 

18 hr 15 min 30.5 sec. 


f 1 

5-20 

10 min. 57.3 sec*, to 


2 hr 55 min 16.8 sec. 
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TABLE 2 


Flocculation of Pure Hematite (5 to 20 p,) with causticised 
starch Solution at Normal pH using 100 PPM (Bulk concen- 
tration) of NaoSiO^ and Settling Time of floes = 3 mints. 
(Vide Fig. 2) ^ 


si. Dosage Wt. of ¥t. of 

No. of settled unsettled 

Starch' part in part in 

in ppm gm gm 

1 0 0.8736 0.2202 

2 20 0.8932 0.1169 

3 -40 1.0716 0.1092 

4 60 1.0968 0.0606 

5 80 1.0264 0.1064 

6 120 0.9926 0.1054 

7 160 0.9464 0.1386 

1.0164 0.1113 


Total wt. pet. pet. 

of material settled unse- 

in 100 cc ttled 

of pulp in 

gms 

1.0938 79.87 20.13 

I.CIOI 88.43 11.57 

1.1608 90-75 9.25 

1.1574 94.76 5.24 

1.1328 90.61 9.39 

1.0980 90.40 9.60 

1.0850 87.23 12.27 

1.1277 


8 


200 


90.13 


9.87 


Ill 


TABLE 3 


Plocculation of Pure Hematite (5 to 20p,) with Causticised 
Starch Solution at Normal pH Using 400 PPM (Bulk concen- 
tration) Na^SiO,, Time of settling = 3 minute 
(Vide Pig. z) ^ 


31. 
rio - 

Dosage 

of 

Starch 
in ppm 

¥t. of 
settled 
part in 
gm 

Wt . of 
unsettled 
part in 
gm 

Total wt. 
of material 
in 100 cc 
of pulp in 
gms 

pet. 

settled 

pet. 

unse- 

ttled 

1 

0 

0.7909 

0.1390 

0.9299 

85.05 

14.95 

2 

20 

0.7933 

0.1526 

0.9459 

83.87 

16.13 

3 

40 

0.8226 

0.1470 

0.9696 

84.84 

15.16 

4 

60 

0.7629 

0.1435 

0.9064 

84.17 

15.83 

5 

80 

0.8310 

0.1757 

0.0067 

83.10 

16.90 

6 

100 

0.8114 

0.1743 

0.9857 

82.32 

17.68 


IV 


TABLE 4 


Elocculation of Pure Montmorillonite (5 to 20iJ.) using 
cised Starch Solution with 100 PPM of NapSiO, 

( b ;lk concentration ) s Settling time = 3 minutes ^ 
pi-i of pulp = Normal (7.2). (Vide Tig. 3). 


ol # 
No . 

Dosage 

of 

Starch 
in ppm 

Wt. of 
settled 
part in 
gm 

Wt. of 
unsettled 
part in 
gm 

Total wt. 
of material 
in 100 cc 
of pulp in 
gms 

pet . 
settled 

pet. 

unse- 

ttled 

1 

0 

0.5804 

0.4585 

1.0389 

55.87 

44.13 

2 

20 

0.5517 

0.4879 

1.0396 

53.07 

46.93 

3 

40 

0,5285 

0 . 4449 

0.9734 

54.29 

45.71 

4 

60 

0.5762 

0.4529 

1.0291 

55.99 

44.01 

5 

80 

0.5836 

0.4491 

1,0327 

56.51 

43.49 

6 

100 

0.5696 

0.4662 

1.0358 

54.99 

45.01 


VI 


TABLE 6 


I'lo cculation of Pure Hematite (5 to 20|a) with IMon-ageds 
iiomogenised Starch Solution at Normal pH, Using 
ICO PPh (Bulk concentration) of NaoSiO^, Time of 
settling = 1 minute. ^ 

(Vide Pig- 4) 


SI. 

Mo. 


Dosage 

of 

Starch 
in ppm 


Wt. of Wt. of Total wt. pet. pet. 
settled unsettled of material settled unse-- 
part in part in in 100 cc ttled 

gm gm of pulp in 

gm 


1 0 


2 

20 

0 . 5816 

0.462 

1.0436 

55.73 

3 

40 

0.5853 

0.4785 

1.0637 

55.02 

4 

60 

0 . 6115 

0.497 

1.1085 

55.16 

5 

80 

0.5833 

0.500 

1.0834 

53.84 

6 

100 

0.6288 

0.4302 

1.0590 

59.38 
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TABLE 7 


Flocculation of Puj'e Hematite (5 to 20p.) with Aged, 
Homogenised Starch Solution, at Normal pH, Using 
IOC PPM (Bulk concentration) of NapSiO^, Time of 
Settling = 1 minute, Aging = 24 hrs. ^ 

(vide Tig, 4) 


SI . Do sage 
No. of 

Starch 
in ppm 


Wt. of wt. of Total wt. pet. pet. 
settled unsettled of material settled unse- 
paxt in part in in 100 cc ttled 

gm gm of pulp in 

gm 


1 

0 

0.6324 

0.4585 

1.0909 

57.97 

2 

20 

0.6478 

0.5002 

1.1479 

56.43 

3 

40 

0.6185 

0 . 4785 

1.0969 

56.38 

4 

60 

0.5860 

0 . 4840 

1.0700 

54.76 

5 

80 

0.5994 

0.4578 

1.0572 

56.70 

6 

100 

0.6420 

0.5134 

1.1554 

55.56 


th 


table 8 




Flocculation of Pure Hematite (5 to 20^1) by Non-aged, 
Oausticised Starch Solution, at Normal pH and Using 
100 PPM of Na 2 SiO .:7 (bulk concentration) , Time of 
Settling = 1 minute. 

(Vide iig. 5). 


SI. Dosage Wt. of wt. of Total pet. pet. 

No. of settled unsettled wt. of settled unse- 


Starch part in part in 



in ppm 

gm 

gm 

1 

0 

0.5451 

0.4925 

2 

20 

0,8506 

0.1271 

3 

40 

0.9768 

0,0749 

4 

60 

0.9197 

0.1019 

5 

80 

0.8960 

0.1029 

6 

100 

0.9207 

0.1144 


material in ttled 

100 cc of 
pulp in gm 


1-0555 

52.45 

0.9777 

87.00 

1.0517 

92.89 

1.0210 

90.03 

0.9989 

89.70 

1.0351 

88.94 


IX 


TABLE 9 


Pioccuiation of Pure Hematite (5 to 20ii) with Aged, 
w'uusticised Starch Solution, at Normal pH Using 
I'vC ITK (bulk concentration) of NaoSiO^, time of 
settling = 1 minute, Aging = 24 hrs7 ^ 

(V^icle Pig. 5) ' ^ ^ ■ 


31. Dosage 
itO . of 

Starch 
in ppm 


Wt. of Wt. of Total wt. pet, 
settled unsettled of material settled 
part in part in in 100 cc 
gm gm of pulp in 

gm 


pet. 

unse- 

ttled 


1 

C 

0.572 

0.5558 

1.1278 

50.72 

2 

20 

0.7152 

0.3710 

1.0862 

65.84 

3 

40 

0.7694 

0.3168 

1.0862 

70.84 

4 

60 

0.7344 

0.3248 

1.0592 

69.34 

5 

80 

0.7114 

0. 3230 

1.0344 

68.77 


6 100 


0.7701 0.2926 1.0627 


72.47 
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TABLE 1C 


Flocculation of Pure Hematite (5 to 20p,) with Eon-aged , 
Gausticised-Homogenised Starch Solution, at Normal pH, 
Using 100 PPM (bulk concentration) of Na^SiO^, 

Time of settling = 1 minute. ^ 

(Vide Fig, 6) 


SI. 

No. 

Dosage 

of 

Starch 
in ppm 

Wt. of 
settled 
part in 
gm 

Wt. of 
unsettled 
part in 
gm 

Total wt. 
of material 
in 100 cc 
of water in 
gm 

pet. 

settled 

pet . 
unse- 
ttled 

1 

0 

0.7667 

0.5221 

1.2888 

59.49 

40.50 

2 

20 

0.9897 

0.1171 

1.1068 

89.42 

10.58 

3 

40 

0.9991 

0.1159 

1.1150 

89.61 

10.39 

4 

60 

0.9503 

0 . 1081 

1.0584 

89.78 

10.22 

5 

80 

0.9616 

0.1402 

1.1018 

87.28 

12. '72 

6 

100 

0.9516 

0 . 1410 

1.0926 

87.16 

12.84 



TABLE 11 


Flocculation of Piire Hematite (5 to 20(j,) with Aged, 
Gausticised-Homogeni zed Starch Solution at Normal 
pH, using 100 PPM (bulk concentration) of Na 2 SiO^, 
Time of Settling = 1 minute, Aging time = 24 hrs; 
(Vide Fig. 6). 


SI. 

No. 

Dosage 

of 

Starch 
in ppm 

Wt . of 
settled 
part in 
gm 

¥t. of 
unsettled 
part in 
gm 

Total wt. 
of material 
in 100 cc 
of water in 
gm 

pet. 

settled 

pet. 

unse- 

ttled 

1 

0 

0.5738 

0.4517 

1.0255 

55.95 

44.05 

2 

20 

0.9748 

0 . 1174 

1.0922 

89.24 

10.75 

3 

40 

1.0609 

0.1431 

1.2040 

88.11 

11.89 

4 

60 

0.8629 

0.1550 

1.0179 

85 . 77 

14.23 

5 

80 

0.9588 

0.1449 

1.1037 

86.08 

13.92 

6 

100 

0.9054 

0.1470 

1.0524 

86.03 

13.97 


xri 


TABLE 12 


Flocculation of Pure Hematite {5 to 20ii) with 
Non~aged, Starch Phosphate Solution, at Normal 
pH, using 100 PPM (bulk concentration) of 
Na^SiO^, Time of Settling. = 1 minute. 

(Vile Fig. 7) 


SI. Dosage Wt. of ¥t. of Total wt. pet. pet. 

No. of material material of material settled unse- 

Starch settled unsettled in 100 cc of ttled 



in ppm 

in .gm 

in gm 

1 

0 

1.0640 

0.6881 

2 

1 

1.5912 

0.2370 

3 

5 

1.6306 

0.1533 

4 

10 

1.7600 

0.1089 

5 

15 

1.6312 

0 . 1428 

6 

20 

1.6497 

0.1407 

7 

30 

1.6386 

0.1655 

8 

40 

1.6469 

0.1614 


water in gm 


1.7521 

60.72 

39.28 

1.82815 

87.04 

12.96 

1.7839 

91.41 

8.59 

1.8689 

94.42 

5.58 

1.7740 

92 

8 

1.7904 

92.14 

7.86 

1.8021 

90.92 

9.08 

1.8083 

91.07 

■:8.93 
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TABLE 13 


ilocculation of Pure Hematite (5 to 20^) using 
.Aged, Starch Phosphate solution, at Normal pH, 
Using 100 PPM (bulk concentx-ation) of NapSiO^, 
Time of settling = 1 minute, Aging time = 24^hrs 
(Vide Tig. 7). 


SI. 

No. 


1 

2 

3 

4 

5 

6 
7 


Dosage 

of 

Starch 
in ppm 

Wt , of 
material 
settled 
in gjc . 

¥t. of 
material 
unsettled 
in gm 

Total wt. 
of material 
in 100 cc 
of water in 
gm 

pet. 

settled 

pet. 

unse- 

ttled 

0 

1.1032 

0.7686 

1.8718 

58.89 

4 1* . Id p 

1 

1.2573 

0.7742 

2,0 315 

61.19 

38.81 

5 

1.4376 

0.5600 

1.9947 

71.92 

28.08 

10 

1.4426 

0.5485 

1.9911 

72.45 

27.55 

15 

1.6387 

0.5569 

2.1956 

74.46 

75 ,54 

20 

1.2211 

0.5558 

1.7769 

68.72 

31.28 

30 

1.3296 

0.5960 

1.9257 

69.04 

30.96 

40 

1.2796 

0.6531 

1.9327 

66.20 

33.80 
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TABLE 14 


/iocculation of Pure Montmorilloni te (5 to 20ij.) 
r. Lon~aged Starch-Phosphate Solution, at 
.A-.,j.T.al ph, using 100 PPM (bulk concentration) 

3,: i’!a 2 SiC^, Time of Settling = 1 minute. 

(Vide Pig. 7) 


SI. Dosage Wt. of Wt. of Total wt. pet. pet. 

lo. of material material of material settled unse- 

Starch settled unsettled in 100 cc tiled 

in ppm in gm in gm of water in 

gm 


1 0 0.4402 0.4148 

2 1 0.4914 0.4477 

5 5 0.5056 0.4302 

4 10 0.5292 0.4466 

5 15 0.5461 0.4823 

6 20 0.5346 0.3931 

7 30 0.5 36 7 0.4305 

40 0.5244 0.4694 


0.8550 

51.49 

48.51 

0.9391 

52.33 

47.67 

0.9358 

54.02 

45.98 

0.9758 

54.23 

45.77 

1.0284 

53.10 

46.90 

0.9247 

57.63 

42.37 

0.9672 

55.49 

44.51 

0.9938 

52.. 77 

47.33 


8 
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TABLE 15 


Effect of Dosage of Modified Causticised-Homo- 
genised (MCH) Starch on flocc\iLation of Pure 
Hematite Particle (O-Pii.) at 6.7 pH, Time of 
Settling = 1 minute. 

(Vide Ilg, 8) 


SI. 

No. 

Dosage 

of 

Starch 
in ppm 

Dosage 

of 

Na2SiO, 

in'^ppm^ 

¥t. of 
floccu- 
lated 
part in 
gm 

¥t . of un- 
flocculated 
part in gm 

Total 
wt. in 
gm 

pet, flo- 
cculated 

1 

0 

100 

0 . 410 

0.938 

1.348 

30.4 

2 

20 

100 

0.589 

0.593 

1.182 

49.8 

3 

40 

100 

0.743 

0.502 

1.245 

59.7 

4 

60 

100 

0.655 

0.546 

1.201 

54.5 

5 

80 

100 

0.386 

0.386 

0.814 

52.5 

6 

100 

100 

0.636 

0.636 

1.231 

48.3 
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■TABLE 16 


-ji'fnct of Dosage of MCH Starch on Flocculation 
of Pure Hematite Particle (0~2)i) at 10.4 pH, 
lime of settling = 1 minute. 

(Fide Fig. 8) 


SI. 

Bi 0 :* 

Dosage 

of 

Starch 
in ppm 

Dosage 

of 

Ha^SiO:, 

in^ppm^ 

Wt. of 
floccu- 
lated 
part in 
gm 

¥t. of un- 
flocculat ed 
part in gm 

Total 
wt. in 
gm 

pot. flo- 
cculated 

1 

0 

100 

0.468 

1.109 

1.577 

29.1 

2 

20 

100 

0.379 

■0.907 

1.286 

29.4 

3 

40 

100 

0 . 465 

1.012 

1.477 

31.4 

4 

«.60 

100 

0.437 

1.040 

1.477 

29. 6 

5 

80 

100 

0.434 

- 

- 


6 

100 

100 

0.441 

1.110 

1.551 

28.4 



mi 


TABLE 17 

Effect of Different Dosages of MCH Starch on 
the i'locculation of Pure Hematite (0-2}i) at 
6.8 pH Without Using Any Dispersan t (NaoSiO^), 
Time of settling = 1 minute ^ 

(Vide Jig. 9) 


SI. 

Ho. 

Do sage; ■- 
of 

Starch 
in ppm 

Ibsage 

of 

Na2SiO, 

in'^ppm^ 

Ut .of 
floccu- 
lated 
part in 
gm 

Wt . 0 f un- 
flocculated 
part in gm 

Total 
wt , in 
gm 

■pet. flO' 
ccixLated 

1 

0 

0 

0.513 

0,802 

1.315 

39 

2 

40 

0 

1.200 

0.186 

1.386 

86.5 

3 

80 

0 

0.717 

0.182 

0.899 

79.7 

4 

120 

0 

1.129 

CM 

CM 

» 

O 

1.451 

77.8 

5 

240 

0 

0.902 

0.452 

1.354 

66.6 

6 

400 

0 

0.842 

0 . 375 

1.217 

69.1 



mil 


TASLB 18 


Effect of Different Dosages of MCH Starch on_ 
the Flocculation of Pure Hematite (0-2ij.) at 10.5 
-Wi-thout Using Any Dispersant (HapSiO^), 

Time of settling = 1 minute ^ 

(Vide Fig. 9) 


SI. 

No. 

Ibsage 

of 

Starch 
in ppm 

Dosage 

of 

Nap SiO-, 
ir^ ppm-^ 

Wt. of floc- 
culated part 
in gm 

¥t . 0 f un- 
flocculat ed 
part in gm 

Total 
wt. 
in gm 

pet. floc- 
culat ed 

1 

0 

0 

0.485 

0.971 

1.456 

33.3 

2 

40 

0 

1.387 

0.142 

1.529 

90.7 

3 

80 

0 

1.126 

0.146 

1.272 

88.5 

4 

120 

0 

1.273 

0.350 

1.623 

78.4 

5 

240 

0 

1.066 

0.458 

1.524 

69.9 

6 

400 

0 

0.624 

0-682 

H 

• 

O 

47.6 


TABLE 19 


nx 


Effect of Ca Cbncentration on the ZLocculation 
of Pure Hematite (0-2ja) having pH-6.8 by MCH 
Starch Without Using any NapSiO,, Time of 
Settling = 1 minute ^ 

(Vide Fig. 10) 


SI. Dosage Dosage Dosage ¥t. of Wt. of un- Total pet. floc- 
No.of of-. of flocc- floccula- wt. in culated 

starch HapSiO., Ca"^ ulated ted part gm 
in ppm in ppm^in ppm part in in gm 

gm 


1 

40 

0 

0 

1.008 

0.147 

1.155 

87.2 

2 

40 

0 

20 

1.088 

0.147 

1.235 

88.9 

3 

40 

0 

40 

0.860 

0.109 

0.969 

88.7 

4 

40 

0 

60 

0.995 

0.158 

1.153 

86.3 

5 

40 

0 

80 

1.272 

0.140 

1.412 

90 

6 

40 

0 

100 

1.081 

0.130 

1.211 

89.2 


XX 


TABLE 20 


Effect of Ca Concentration on the Flocculation 
of Pure Hematite (0-2^i) having pH-10.5, hy MGH 
Starch, V/ithout Using any Dispersant, Time of 
Settling = 1 minute 
(?ide Tig. 10) 


SI. 

No. 

Dosage Dosage Dosage ¥t. of VJt. of un- 
of of of flocc- floccula- 

Starch NapSiO™ Ca"^ ulated ted part 

in ppm in'^ppm^in ppm part in in gm 

gm 

- Total 
wt . in 
gm 

pet. floc- 
culated 

1 

40 

0 

0 

0.875 

0.182 

1.057 

82.7 

2 

40 

0 

20 

1.240 

0.210 

1.450 

85.5 

3 

40 

0 

40 

2.031 

0.182 

2.213 

91.8 

4 

40 

0 

60 

2.130 

0.161 

2.291 

92.9 

5 

40 

0 

80 

1.631 

0.186 

1.817 

89.7 

6 

40 

0 

100 

1.549 

0.147 

1. 696 

91.3 
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TABLE 21 


Effect of Different Dosages of MCH Starch as 
Plocculant on the Pure Hematite (l- 8 (-i) at 
pH 7.3j Time of settling = 1 minute 
(■fide Tig. 11) 


SI. 

No. 

Dosage 

of 

St arch 
in ppm 

Dosage 

of 

K 3. 2 SiO ^ 
i n ppm^ 

¥t . of 
floccu- 
lated 
part in 
gm 

¥t . 0 f un- 
flo cculat ed 
part in gm 

Total 
wt . in 
gm 

pet. floc- 
culated 

1 

0 

40 

0.189 

0.553 

0.742 

25.4 

2 

20 

40 

0 . 468 

0.081 

0.549 

85.2 

3 

40 

40 

0.601 

0-074 

0.675 

89.03 

4 

60 

40 

0.558 

0.161 

0.719 

77.6 

5 

80 

40 

0.590 

0.193 

0.783 

75.3 

6 

100 

40 

0.653 

0.165 

0.818 

74.3 


XXII 


I ABLE 22 


effect of Different Dosages of fiCH Starch on 
Eloceulation of Pure Hematite (l-8ii) at 10.5 pH. 
Time of settling = 1 minute 
(?ide Hg. 11) 


SI. 

Dosage 

Dosage 

¥t. of 

Wt . of un- 

Total 

pet. floe- 

No . 

of 

of 

floccu- 

flocculated 

wt . in 

culated 


Starch. 

Nao SiO 

lated 

part in gm 

gm 



in ppm 

in ppm 

part in 







gm 





1 0 

2 20 

3 40 

4 60 

5 80 


40 

0.252 

0.613 

0.865 

29.1 

40 

0.742 

0.074 

0.816 

90.9 

40 

0.723 

0.116 

0.839 

86.1 

40 

0.806 

0.123 

0.929 

86.7 

40 

0.609 

0.211 

0.820 

74.2 

40 

0.622 

0.242 

0.864 

71.9 


6 100 
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TABLE 23 


effect of 1 ^ 2810 ^ Concentration on Pnx'e Hematite 

(l- 8 |i) at pH - 7.3> Using i'fodiiied Causticised- 
Homogenised Starch Solution (MCH), Time of 
settling = 1 minute 
(Vide Tig. 12) 


SI. Dosage, Dosage Wt. of Wt, of un- Total pet. floe 

No, of of floccu- flocculated wt. in culated 

Starch NapSiO^ lated part in gm gm 

in ppm in'^ppm^ part in 

gm 


1 40 
2 40 

3 40 

4 40 

5 40 


0 

0.726 

Q .070 

0.796 

91.2 

20 

0.662 

0.021 

0.683 

96.9 

40 

0.627 

0.081 

0.708 

89.06 

60 

0.885 

0.074 

0.957 

92.2 

80 

0.714 

0.098 

0.812 

87.9 

100 

0.754 

0.086 

0.840 

89.7 


6 40 
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TABLE 24 


affect of Different Dosages of K'a2SiO^ on the 

Plocculation of Pure Hematite (l-Sp.) at pH 7.5 
by MCH Sta,rch Dolution, Time of Settling = 1 minute 
(Vide Pig. 12) 


SI. Dosage Dosage ¥t. of Wt. of un- Total pct. floccu- 

Ho. of of floccu- flocculated -wt. in lated 

Starch Na^SiO, lated part in gm gm 

in ppm in'^ppm^ part in 

gm 


1 

2 

3 

4 

5 


60 

60 

60 

60 

60 


0 

20 

40 

60 

80 

100 


0.644 

0.039 

0.683 

94.3 

0.544 

0.091 

0.635 

85.6 

0.634 

0.105 

0.739 

85.7 

0.836 

0.081 

0.917 

91.1 

0.615 

0.133 

0.798 

82.2 

0.737 

0.091 

0.828 

89.6 


6 60 
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TABLE 25 


+ + 

Effect of Ca Concentration on Flocculation 
of Pure Hematite (l-Sn) at 7.3 pH "by Modified 
Causticised -Homogenised Starch as Jlocculant 
Time of settling = 1 minute 
(Vide Fig. 13) 


SI. 

Wo. 

Dosage 

of 

Starch 
in ppm 

Dosage 

of 

NapSiO 
in ppm 

Ca^"^ Wt. of 

concen- flocc- 
, tration ulated 
^in ppm part 
in gm 

Wt. of 
unflo- 
cculated 
part in 
gm 

Total wt. 
in gm 

pet. flo- 
cculated 

1 

40 

40 

0 

0.897 

0.081 

0.978 

91.7 

2 

40 

40 

20 

0.804 

0.084 

0.888 

90.5 

3 

40 

40 

. 40 

0.568 

0.095 

0.663 

85.6 

4 

40 

40 

60 

0.615 

0.140 

0.755 

81.5 

5 

40 

40 

80 

0.611 

0.102 

0.713 

85.7 

6 

40 

40 

100 

0.754 

0.088 

0.842 

. 89.5 
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TABLE 26 


Effect of Ca Concentration on ILocculation of 
Pure Hematite (l-8ii) at pH 7.3 By Modified 
Causticised-Homogenised (MCH) Starch, as 
Elocculant, Time of settling = 1 minute 
(Vide Tig. 13) 


SI. 
Mo . 

Do sage 
of 

Starch 
in ppm 

Dosage 

of 

NapSiO 

in'^ppm 

Ca"^ V/t. of 

concen- flocc- 
7 tration ulated 
^in ppm part 
in gm 

¥t. of 
unflo- 
cculated 
part in 
gm 

Total wt. 
in gm 

pet. flO' 

cculated 

1 

60 

40 

0 

0.595 

0.095 

0.690 

86.2 

2 

60 

40 

20 

0.833 

0.074 

0.907 

91.8 

3 

60 

40 

40 

0,464 

0.221 

0. 685 

68.8 

4 

60 

40 

60 

0.967 

0.126 

1.093 

88.6 

5 

60 

40 

80 

1.161 

0.105 

1.266 

91.7 

6 

60 

40 

100 

0.904 

0.059 

1.063 

85.04 
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TABLE 27 


Effect of Different Dosages of Modified Causticised- 
ifocogenised (MCH) Starch (as ilocculant) on the 
iM.occulation of Pure Hematite (2-20 i-l) at pH 7.2, 

Time of Settling = 1 minute 
(Vide ilg. 14 ) 


SI. 

Ho. 

Dosage 

of 

Starch 
in ppm 

Dosage 

of 

ifep SiO ^ 
in'^ppm^ 

¥t. of 
floccu- 
lated 
part in 
gm 

¥t . 0 f un- 
flocculat ed 
part 'in gm 

Total wt. 
in gm 

pet. 

ccula 

1 

0 

100 

0.425 

0.812 

1.257 

34.3 

2 

20 

100 

0.754 

0.179 

0.933 

80.8 

3 

40 

100 

0.856 

0,102 

0.958 

89.2 

4 

60 

100 

1.028 

0.105 

1.133 

90.7 

5 

80 

100 

0.942 

0.121 

1.063 

88.6 

6 

100 

100 

0.663 

0.432 

1.095 

61.1 
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TABLE 28 


■ • ■' Lcsages of Modified Causticised- 

M.dH) utarch (as Elocculant) on the 
. • i.i'icn of Bure heoatite ■ (2--20ij,) at 10.5 pH. 

tiling = 1 minute 
i :: I 14) 


.ii. .XTsage Wt. of Wt. of un~ Total wt. pet. flo- 

1... . cf of floccu- flocculated in gm cculated 

.ji’ii'Oii la 20 iG^ lated part in gm 

in j pm in^'pp'i. part in 

gm : ■ 


1 

0 

100 

0.837 

1.908 

2.745 

30.4 

2 

20 

ICO 

2.300 

0.816 

3.116 

73.8 

3 

40 

100 

2.348 

1 — 1 
\r\ 

• 

o 

2.861 

82.6 

4 

8U 

100 

1.249 

1.6905 

2.939 

45.8 

5 

80 

100 

2.004 

0.983 

2.987 

67.9 

6 

100 

100 

0.840 

1.915 

2.255 

37.2 
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ilocculation lixperiiaent with Synthetic liixture ( 50 j 50) of Pure Hematite and Pure Kaolinite (1-8/'^) at pH - 10.5 

using Bulk MCE Starch Concentration = 40 PB/I, Bulk Na^SiO^ Concentration = 100 PPlv4 Settling time' of- 
fices = 1 minute. Single stage experiment is done. Time of Stirring after addition of Ha SiO^ = 7 minute, 

Time of mixing for NaP = 1 lainute, (Vide Pig, I7) ^ 
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wiixtui* ( 50i50) of Hematite-Montaorillonite Pulp Density = 1) by MOH 

-= rj;., cl scttlit^ = 1 minute, single phase, (Vide lig. 22) ' 
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i‘l.,ccuir.tion ol Synthetic Mixture ( 50s5o) of Hematite-Montmorillonite (1-8/^, Pulp density = 1) by MCH 

-utcrch = PBi, pK » 9,5, Time of settling = 1 minute. Single stage, Time for Na SiO, mixing = 7 minute 
(Vide iig. 23) 2 ^ 
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